Abstract. This paper proposes a dynamic programming algorithm for the NRCSRP with multiple crews. This algorithm also improves the existing algorithm for the problem with a single crew.
1. Introduction. The recent paper Duque, Dolinskaya, and Sörensen [2] considers a scheduling problem of a repair crew in emergency relief network. Among their interesting results and contributions, a dynamic programming algorithm is designed to produce optimal solutions. In this note, we propose an improved dynamic programming algorithm, which can be generalized to the case with multiple crews.
The problem, NRCSRP in short, is defined as followed. Let G = (V, E) be an undirected connected graph with V = V d ∪ V r ∪ {0}, where set E contains all undirected edges in the network and V d is the set of demand nodes (villages needing relief operations), V r is the set of damaged nodes to repair and 0 is the depot node where the relief supplies are positioned and from which the repair crew initially departs. Without loss of generality, each of the damaged roads is represented as a node in the middle of its corresponding link. For each village (node i), there is an importance factor w i that reflects the emergency level of its inhabitants. Each damage node j represents the locations where the work of the repair crew is needed. Such nodes have a repair time s j that represents the time the repair crew spends on its first visit. Each edge e i,j ∈ E represents the link between nodes i and j in V. A travel time t i,j is defined for each edge e i,j to represent the travel time required by the repair crew to traverse on it. The goal of the NRCSRP is to find a plan for the crew to traverse the graph to let all villages accessible. The objective function to minimize the weighted sum of the time points each of the villages becomes accessible.
To devise a dynamic programming algorithm, Duque et al. [2] define states (i, t,V r ,V d ), where node i is the current location of the crew, t is the current time, V r is the set of damaged nodes not yet repaired, andV d is the set of inaccessible villages. Let n d = |V d |, n r = |V r | and n = |V|. Note that t is a pseudo-polynomial parameter in the order of T , where T = i∈V s i + i,j∈V,i =j t i,j andV r andV d
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are in the order of O(2 nr ) and O(2 n d ), respectively. Therefore, the size of the state space is O(n r T 2 nr 2 n d ). We elaborate on the relationship betweenV r andV d and find that the latter is derived when the former is given. The reachability of all nodes of V d can be determined by deploying a depth-first search starting from the depot in O(|V| + |E|) time, which can be bounded from the above by O(n 2 ). In other words, we can reduce the state space by eliminating the parameterV d , which grows exponentially in the size of subsetsV d . This simplification will also lead to the development of a dynamic programming algorithm for multiple crews. To simplify the presentation, we introduce an algorithm for two crews which can be easily generalized for the case with any constant number of crews.
2. Dynamic programming algorithm for two crews. We adopt the notation of [2] for describing the new algorithm. Define state (i 1 , i 2 , t 1 , t 2 ,V r ) for the scenarios that satisfy the following two conditions 1. Amongst the damaged nodes that are already repaired, node i k is the last one crew k completed and its completion time is t k for k = {1, 2}; 2.V r is the set of damaged nodes yet to be repaired at time max{t 1 , t 2 }. Each state describes the exact moment one or two nodes are being recovered. The scenario t 1 < t 2 indicates that the second crew recovers a node v 2 exactly at time t 2 , while the first crew recovered another node v 1 at time t 1 and this crew is still on v 1 or en route for some other node. The scenario t 1 > t 2 indicates the reverse situation. If t 1 = t 2 , then the two crews repair their nodes at the same time. Ranges of the state variables are 0 ≤ i 1 , i 2 ≤ n + 1,V r ⊆ V r , and 0 ≤ t 1 , t 2 ≤ T , where T = i∈V s i + i,j∈V,i =j t i,j . Define function f (i 1 , i 2 , t 1 , t 2 ,V r ) as the minimum cost incurred by moving from the initial state s 0 = (0, 0, 0, 0, V r ) to state s = (i 1 , i 2 , t 1 , t 2 ,V r ). LetV d (i 1 , i 2 , t 1 , t 2 ,V r ) denote the set of villages not yet rescued subject to the repair tasks at nodes of V r −V r are completed. An optimal solution to the NRCSRP2 is the minimum value of f (i 1 , i 2 , t 1 , t 2 ,V r ) such that all demand nodes are rescued, i.e., the implied subsetV d (i 1 , i 2 , t 1 , t 2 ,V r ) = ∅. A dummy node v 0 is introduced as the starting node for defining the initial condition. A backward dynamic program is then given as:
Algorithm NRCSRP2
Initialization:
Recursion:
Vr ∪ {i1}) , if t1 > t2, min i 2 ∈Vr \Vr \{i 1 ,i 2 } wi 2 t2 + f (i1, i 2 , t1, t2 − i 2 ,i 2 , (Vr ∪ {i2}), Vr ∪ {i2}) , if t1 < t2,
where i 1 ,i1, (V r ∪ {i 1 }) is the minimum travel time from node i 1 to node i 1 given that nodes ofV r ∪{i 1 } are not yet repaired, and i 2 ,i2, (V r ∪{i 2 }) is similarly defined. Furthermore,
